A proteolytic, marine luminous bacterium was isolated from seawater and identified as Vibrio splendidus biotype I strain FLE-2. A proteinase from this strain, with a specific activity 21-fold higher than that of the culture supernatant, was purified to homogeneity. The purified enzyme had a molecular weight of 50,000. The enzyme was most active at pH 8.0 and 55°C, and stable below 35°C. The enzyme activity was completely inhibited by EDTA,orthophenanthrolin and phosphoramidon. Also metal ions such as Cu2+, Hg2+, Ni2+, Cd2+ and Co2+ inhibited the activity. These results indicate that this enzymeis a metal-chelater-sensitive, alkaline proteinase. Preparation of extracellular proteinase test medium. Extracellular proteinase activity was detected on milk seawater agar-seawater agar two layer plates. In preparing this test agar medium, the two layers were poured separately, in a similar manner to in the case of milk agarmarine agar two layer plates.21) The bottom layer consisted of 300ml of distilled water with 20g of skim milk dissolved in it, and 700ml of seawater containing 50 ml of 1 m Tris-HCl buffer (pH 7.8) and 15g of agar. The two solutions were autoclaved separately (15 min at 121°C), cooled to 55°C and then mixed aseptically just before pouring. After the milk seawater layer had solidified, the
Bioluminescent
bacteria are commonly found in the marine environment as free-living forms, saprophytes, parasites, commensal forms and light organ symbionts.1 "3) While much is known about their ecological distribution, their physiology and the control mechanisms of their luminescent systems,1~3) production of extracellular enzymes has not been investigated except for the use of certain extracellular enzymes for their taxonomic identification.2~6)
Manykinds of microbial proteinases have been reported,7'8* and it is also known that numerousmarine bacteria produce proteolytic enzymes,9~17) but as yet little information is available on the proteinases of marine luminous bacteria.
Here we report the identification of a proteolytic, marine luminous bacterium, FLE-2, which was isolated from among two hundred and fifty-one luminous strains (FLE-1 through FLE-251; free-living, series E) obtained from surface coastal water at Teradomari, Niigata prefecture, Japan, and the purification and some properties of the proteinase from this luminous strain, since the proteinase activity 427 of the culture supernatant of the FLE-2 strain was 3.5-fold higher than those of Vibrio splendidus ATOC33125 and other V. splendidus
isolates.
MATERIALS AND METHODS
Isolation and identification. Seawater wasobtained from surface coastal water at Teradomari, Niigata prefecture, Japan, during June, 1984, and spread-plated (50/il per plate) on MNagar,18> 19) which is a nutritionally complete, seawater medium.Isolation of luminous strains was carried out according to the method described previously.20) Identification wascarried out according to the methodsof Reichelt and Baumann,4) Baumann and Baumann,2) Yang et al.5) and Baumann et al.6) Preparation of extracellular proteinase test medium. Extracellular proteinase activity was detected on milk seawater agar-seawater agar two layer plates. In preparing this test agar medium, the two layers were poured separately, in a similar manner to in the case of milk agarmarine agar two layer plates.21) The bottom layer consisted of 300ml of distilled water with 20g of skim milk dissolved in it, and 700ml of seawater containing 50 ml of 1 m Tris-HCl buffer (pH 7.8) and 15g of agar. The two solutions were autoclaved separately (15 min at 121°C), cooled to 55°C and then mixed aseptically just before pouring. After the milk seawater layer had solidified, the MNagar layer was poured on top. Assaying ofproteinase activity. The proteinase activity was measured according to the method of Hagihara et al.23 ) The assay mixture contained 0.25ml of 2% casein (Hammersten) solution, 0.25 ml of 100 mMTris-HCl buffer (pH 7.8) in 6% NaCl and 0.25ml of enzyme solution. After incubation for lOmin at 30°C, the reaction was stopped by the addition of 0.75 ml of 8.5% trichloroacetic acid. The mixture was stirred vigorously and then centrifuged at 15,000xg for 5min. The absorbance of the supernatant was measured at 280nmwith a Shimadzu UV-120-02 spectrophotometer. Blanks were prepared by adding the enzyme solution after adding the trichloroacetic acid solution. One unit of proteinase activity was defined as the amount of enzyme which liberated 1 //g of tyrosine per ml per minute.
Determination of protein concentration. The protein concentration was determined by the method of Lowry et al.24 ) with bovine serum albumin as a standard.
Purification of the proteinase. Ammonium sulfate was added to the culture supernatant (600ml) to 100% saturation. The precipitate was dissolved in an aliquot of 20 mMTris-HCl buffer (pH 7.8) and then dialyzed against 10mMTris-HCl buffer (dH 7.8) at 4°C for 3davs. The dialyzate (300 ml) was mixed with DEAE-Sephacel which had been previously equilibrated with 20mMTris-HCl buffer (pH 7.8). The enzyme was eluted with the same buffer containing 0.6m NaCl. The active fractions were combined and then applied on a Sephadex G-100 column (3.0 x 46cm) equilibrated with the same buffer. The proteinase was eluted as a single peak and then collected. The purified enzymesolution had a specific activity of 1888. DEAE-Sephacel and Sephadex G-100 chromatography were carried out at room temperature (20~23°C).
Electrophoresis. Polyacerylamide disc gel electrophorsis was performed by the method of Davis.25) Sodium dodecylsulfate polyaerylamide gel electrophoresis (SDS-PAGE)was performed by the method of Weber and Osborn.26) After electrophoresis, the gel was sliced and the slices were chopped up in test tubes with the buffer. Theeluates were assayed for proteinase activity.
Estimation of molecular weight. The molecular weight of the purified enzyme was estimated by SDS-PAGEand gel filtration on a column of Sephadex G-100 super fine (1.5 x 93cm) by the method of Determann and Michel.27) RESULTS AND DISCUSSION Proteolytic activity and identification Extracellular proteinase activity was detected on milk seawater agar-seawater agar two layer plates, as shown in Fig. 1 . The characteristics of the proteolytic, marine luminous bacterium, FLE-2, are shown in Table I The production of extracellular proteinases by V. splendidus ATCC 33125 and other V.
splendidus isolates in the FLEseries was also observed with the use of this two layer test medium. The proteinase activity of the culture supernatant of the FLE-2 strain was 3.5-fold higher than those of V. splendidus ATCC 33125 and the other V. splendidus strains.
Purifica t ion
The purification of the proteinase from V. splendidus FLE-2 is summarized in Table II. The purified proteinase showed 21-fold purification over the original culture supernatant, with an about 30% recovery. The purified enzyme showed a single protein band on disc gel electrophoresis, as shown in Fig. 3 , and sodium dodecyl sulfate disc gel electrophoresis, which suggests the homogeneity of the preparation.
Molecularweightmeasurement
The molecular weights of various bacterial proteinases have been reported, /. <?., 34,000 for Bacillus cereus,28) 46,000 for Pseudomonas maltophilia,29) 49,000 for Vibrio B-3014) and 60,000 for Serratia sp.30) Electrophoresis was performed using 7.5% gel as described under Materials and Methods. Protein was stained with Coomassie brilliant blue R-250.
The molecular weight of the proteinase from V. splendidus FLE-2 was estimated to be 50,000 by SDS-PAGE, as shown in Fig. 4 , and also estimated to be 50,000 by Sephadex G-100 super fine gel filtration.
Effects of the NaCl concentration on activity Figure 5 shows the effects of the NaCl concentration on the enzyme activity. In the experiment, the NaCl concentration in the assay mixture was varied.
Although the V. splendidus FLE-2 strain was isolated from seawater, the proteinase showed higher activity at low NaCl concentration than that at seawater cencentration (3% NaCl), and the enzyme activity was suppressed at high NaCl concentration, that is, 130% and 50% of the original activity (at 3% NaCl) were seen at 0% and 9% NaCl, respectively. Effects of pH on activity The purified enzymewas most active at pH 8.0, and showed a somewhat narrow pH optimum offrom 7.0 to 9.0, as shown in Fig. 6 . This value is similar to those of the alkaline proteinases of Serratia marcescens,9) Pseudomonas sp.,16) Serratia sp.30) and Pseudomonas aeruginosa.31 )
Effects of temperature on stability and activity The enzyme solution was kept for 30min at various temperatures and then the remaining activity was assayed. The proteinase activity was affected by temperature, owing to themolability, above 40°C, as shown in Fig. 7 . The effects of temperature on the activity was also examined (Fig. 7) . The maximum activity, which was 1.8-fold higher than that observed at 30°C, was seen around 55°C.
Effects of inhibitors and chemicals For this assay system, the reaction mixture without casein as substrate was preincubated with individual effectors in 100mMTris-HCl buffer (pH 7.8) , for 2hr at 20°C, and the reaction was started by adding the casein In the experiment on the effects of temperature on the stability (O-O), the enzyme solution was kept for 30 min at various temperatures and then the remaining activity was assayed. While, the enzymereaction was carried out at various temperatures to determine the effects of temperature on the proteinase activity ( #-#).
solution to the assay mixture after preincubation for 10min at 30°C, and then the remaining activities were expressed as percentages of the control activity determined without effectors. The effects of various inhibitors and chemicals on the proteinase activity are shown in Table III In the marine environment, luminous bacteria are generally present in the enteric tracts of many fishes and the surrounding water, as This mayindicate the dynamics on ecology of the population of luminous bacteria. As to the optimal activity (pH 7.0~9.0) and stability (below 35°C), the proteinase from the marine luminous bacterium, V. splendidus FLE-2, is able to function in the marine environment. It may be considered that the proteinase also contributes to the population dynamics as described for chitinolytic enzymes.
